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Abstract 
Polymerized Linalyl Acetate (PLA) thin films were fabricated using RF plasma polymerization. The dielectric properties of the 
PLA thin films have been investigated using the split post dielectric resonance technique, which consists of a silver coated copper 
cavity and two precisely machined identical dielectric materials. The measurements have been carried out at resonance 
frequencies of 10 GHz and 20 GHz, with good agreement between results. The dielectric properties were also investigated at low 
frequencies using capacitive measurements of MIM structures. All methodologies place the dielectric constant of the PLA 
material at approximately 2.4, indicating the material is suitable for use in electronics as an insulating layer. 
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1. Introduction 
The organic electronics industry is advancing at a fast rate, as the possibility of low cost, easily manufactured and 
flexible electronic circuits continues to drive research. Display technologies, bio-sensors, encapsulation and 
protective layers and RFID tags are just a few of the potential applications for organic electronics, where organic 
polymers can be used as insulating layers, conducting layers and semiconducting layers. Precise dielectric 
characterization of these materials is an important and challenging problem, particular when employed as an 
encapsulation or other insulating layer.  
 
For the accurate electromagnetic characterisation of dielectric materials several techniques such as one 
port coaxial and waveguide cells, open-ended probes, free-space transmission/reflection or reflection 
methods, microwave microscope methods, microwave cavity methods, stripline and microstrip methods 
are used [1-8]. Typically all the techniques involve measurement of resonant frequency of the resonant 
structure.  
 
The scanning microwave microscope is a near-field characterisation technique which can be used to 
determine the dielectric constant of a sample at microwave frequencies with high spatial resolution [9]. 
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The proximity of sample to the tip changes the energy distribution, which is related to the dielectric 
properties. A non-contact, non-invasive measurement system where the sample is kept 50 – 100 nm is a 
useful technique for low-k thin films [9, 10].  
 
For planar materials, Split Post Dielectric Resonator technique [5] provides the highest accuracy in 
measurement. This technique involves measurement of the resonant frequency of the cavity [11] and the 
cavity loaded with the sample under test. The difference in the frequency is directly related to the 
dielectric constant of the material and the material thickness. For polymer thin films the thickness and the 
dielectric constant are small and hence the shift in the resonant frequency is relatively small. Therefore 
the permittivity measurement of such materials is a challenging problem especially to obtain sufficient 
sensitivity of measurements. The goal of this paper is to precisely measure the permittivity of an 
environmentally friendly, polymer thin film of plasma polymerized Linalyl Acetate (PLA) and verify the 
technique using the commonly used capacitance method.  
 
2. Materials and Methods 
PLA layers were deposited on substrates in a custom made, cylindrical RF polymerization chamber. The volume 
of the chamber is approximately 0.018 m
3
, with an internal diameter of 0.055 m and length of 0.75 m. The substrates 
were cleaned in an ultrasonic bath of water and Extran and subsequently rinsed in acetone and isoproponal to 
remove surface impurities and dried in air. Capacitive coupling was used to generate plasma within the deposition 
chamber. ENI RF generator at a frequency of 13.56 MHz and power of 25 W was employed. The monomer Linalyl 
Acetate (Australian Botanical Products Pty. Ltd., Australia) was used without further purification and in each 
deposition approximately 3 mL was used. Prior to the deposition, the monomer was degassed and Argon gas was 
flown through the chamber to ensure an Oxygen free surface. At a pressure of 100 mTorr RF glow was initiated and 
after the pressure had stabilized at 150 mTorr, the monomer inlet was opened and the deposition begun. Monomer 
flow rate was kept constant via a vacuum stopcock on the inlet. Deposition was performed for 100 minutes to obtain 
a thickness of approximately 1.5 m for microwave measurements and for 30 minutes to obtain films of 
approximately 500 nm for capacitance measurements. An AFM image of a typical PLA thin film is shown in Figure 
1. The average roughness of the film is 0.21 nm and the PLA layer is observed to be smooth and pinhole free.  
 
 
Figure 1: 0.1 x 0.1 m AFM image of PLA deposited at 25 W 
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Film thicknesses were determined using variable angle spectroscopic ellipsometry (VASE) to measure  and  
data. A multilayer model consisting of a previously modeled quartz substrate and Cauchy layer to model the PLA 
film was used to fit to the data and perform a regression analysis to determine film thickness. Angles of 55°, 60° and 
65° were used. More details about the modeling procedure for PLA films can be found elsewhere [12].   
 
For capacitance measurements, MIM structures were fabricated on plain glass slides using an Ag – PLA –Ag 
structure. Ag layers were deposited using the vacuum evaporation method, with a thickness of approximately 1 m. 
The electrode topology was varied slightly to create devices with different cross sectional areas. Areas between 10 
and 30 mm
2
 were used. Capacitance was measured using a Wayne Kerr B605 LCR meter, at frequencies of 100 Hz, 
1 kHz and 10 kHz. From the capacitance value, the dielectric constant of the PLA layer was determined from the 
relation: 
 
r
r
A
dC
 =         (1) 
 
For microwave frequency measurements, the split post dielectric resonator technique was used at frequencies of 
10 and 20 GHz to measure the resonant frequency and Q factor of a resonant cavity. This measurement was first 
performed with a bare, quartz substrate (pre-deposition) in the cavity and then performed with the same substrate 
after deposition of a PLA film (post-deposition). From these two measurements, the change in resonant frequency 
and Q factor of the sample can be determined, which is then used to find the dielectric constant and loss tangent of 
the PLA film. A HP 8722C network analyser was used to measure the resonant frequency and Q factor of 
the 10 and 20 GHz resonators for samples pre- and post-deposition.  
3. Results and Discussion 
Six devices were used to determine the dielectric constant of the PLA material. Three devices were used to 
perform microwave characterizations and three devices were used within MIM capacitive structures to perform 
capacitance measurements. The results of these two studies are shown in Tables 1 and 2. 
 
Table 1: Microwave Characterisation 
  
Sample r 10 GHz r 20 GHz tan  10 GHz tan  20 GHz 
1 2.17 2.57 0.030 0.028 
2 2.75 2.10 0.076 0.073 
3 2.38 2.40 0.106 0.045 
 
Table 2: Capacitive Characterisation 
 
Sample Thickness 
(nm) 
Area 
(mm
2
) 
C – 100 
Hz (pF) 
C – 1 
kHz (pF) 
C – 10 
kHz (pF) 
r  – 100 
Hz 
r – 1 
kHz 
r – 10  
kHz 
1 339.50 12 900 800 767 2.87 2.55 2.45 
2 761 20 566 553 543 2.43 2.37 2.33 
3 761 18 496 484 475 2.36 2.31 2.26 
 
The average value of r for microwave frequency measurements is 2.395. It can be seen that there is a large 
variation in the measurements, with the lowest recorded value being 2.1 and the highest value being 2.75. The error 
is mainly due to the error in thickness measurements. Values of r determined from capacitance measurements have 
an average value of 2.43. It can be seen one of the values is particular high, at 2.87 and it is believed that this 
measurement is a statistical anomaly. From the capacitance measurements we have obtained an average dielectric 
constant of 2.43, in very good agreement with the value of 2.395 obtained from microwave frequency 
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characterizations. A slight tendency of capacitance values and hence dielectric constant to decrease in magnitude 
with increasing frequency was observed. This is contributed to a small contact resistance between the leads of the 
impedance analyser, wires, Ag epoxy and thermally evaporated silver layers on the device and is not believed to be 
truly indicative of any kind of frequency dependence. The measured value at microwave frequencies being virtually 
identical to that at audio frequency is further evidence that very little to no frequency dependence of the dielectric 
constant exists.  
4. Conclusions 
The dielectric constant of a novel and environmentally friendly material was measured using 2 different methods 
at 5 different frequencies. One of these methods, corresponding to two separate RF frequency was the split post 
dielectric resonance technique and was carried out at frequencies of 10 and 20 GHz, resulting in an average 
dielectric constant at microwave frequencies of 2.395. The validity of this methodology was confirmed by 
determining the dielectric constant of the same material at three audio frequencies by examining MIM capacitive 
structures. Values of capacitance were determined at 100, 1k and 10k Hz and the dielectric constant extracted from 
these, with an average value of 2.38. Good agreement in the value of dielectric constant was found at audio and 
microwave frequency with a difference of less than 1.5%. Hence the dielectric constant of PLA was determined to 
be approximately 2.4. This value makes the material suitable for uses such as gate barriers in OFET or TFT devices, 
encapsulation layers and dielectrics within capacitive structures.  
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